Background Because limited comparative data are available, we decided to compare 2-year major clinical outcomes between beta-blockers (BB) with angiotensin converting enzyme inhibitors (ACEI) and BB with angiotensin receptor blockers (ARB) therapy in patients with non-ST-segment elevation myocardial infarction (NSTEMI) after percutaneous coronary intervention (PCI) with drug-eluting stents (DES). Methods A total 11,288 NSTEMI patients who underwent PCI with DES were enrolled and they were divided into two groups, the BB with ACEI group (n = 7600) and the BB with ARB group (n = 3688). The major clinical endpoint was the occurrence of major adverse cardiac events (MACE) defined as all-cause death, recurrent myocardial infarction (re-MI), total revascularization [target lesion revascularization (TLR), target vessel revascularization (TVR), non-TVR] rate during the 2-year follow-up period. Results After propensity score-matched (PSM) analysis, two PSM groups (3317 pairs, n = 6634, C-statistic = 0.695) were generated. Although the cumulative incidences of all-cause death, cardiac death, TLR, and non-TVR were similar between the two groups, MACE (HR = 0.832, 95% CI: 0.7040.982, P = 0.030), total revascularization rate (HR = 0.767, 95% CI: 0.5980.984, P = 0.037), and TVR rate (HR = 0.646, 95% CI: 0.4700.888, P = 0.007) were significantly lower in the BB with ACEI group after PSM. Conclusions In this study, we suggest that the combination of BB with ACEI may be beneficial for reducing the cumulative incidences of MACE, total revascularization rate, and TVR rather than the BB with ARB after PCI with DES in NSTEMI patients.
Introduction


Even though there are no randomized controlled trials (RCT) concerning the effectiveness of beta-blockers (BB) therapy in patents with normal left ventricular (LV) systolic function until recently, [1] the current guideline recommends BB were to be continued in patients with normal LV systolic function as Class IIb [Level of Evidence (LoE): C] recommendation. [2] In addition, oral BB also are recommended in the first 24 h in patients with non-ST-segment elevation myocardial infarction (NSTEMI) who do not have contraindications as a Class I (LoE: A). [1, 2] Although early intravenous (IV) BB can increase the risk of shock in some patients, BB can decrease myocardial ischemia, reinfarction the incidences of complex ventricular dysrhythmias, [3, 4] and it also can increase long-term survival. Therefore, BB are strongly recommended before hospital discharge in patients with LV systolic dysfunction patients [left ventricular ejection fraction (LVEF) < 0.40]. Furthermore, BB should be used cautiously with angiotensin converting enzyme inhibitors (ACEI) or angiotensin receptor blockers (ARB) in patients with heart failure (HF). ACEI should be started and continued indefinitely in all patients with decreased LVEF (< 0.40) unless contraindicated as Class I (LoE: A). [5, 6] ARB are also indicated in patients with HF or myocardial infarction (MI) combining decreased LVEF (< 0.40) and who are intolerant to ACEI (Class I, LoE: A). [7, 8] Despite all of these beneficial roles of BB or ACEI/ARB in acute myocardial infarction (AMI) patients, limited data concerning long-term major clinical outcomes of combination therapy between BB with ACEI and BB with ARB therapy are available in patients with NSTEMI. The authors thought to investigate 2-year major clinical outcomes be-http://www.jgc301.com; jgc@mail.sciencep.com | Journal of Geriatric Cardiology tween BB with ACEI and BB with ARB therapy in patients with NSTEMI after percutaneous coronary intervention (PCI) with drug-eluting stents (DES).
Methods
Study population and design
The patients from the Korea Acute Myocardial Infarction Registry (KAMIR) are evaluated in this study. The details of this registry can be found at the KAMIR website (http://www.kamir.or.kr). KAMIR is a nationwide, prospective, observational on-line registry in South Korea since November 2005. This study was a non-randomized, multicenter, observational, retrospective study. A total 26,431 AMI patients between November 2005 and June 2015 in the KAMIR registry were investigated. Among them, the patients who had these conditions were excluded: (1) PCI was not done or failed (n = 2372, 9.0%); (2) bare-metal stents (BMS) were deployed (n = 937, 3.5%); (3) coronary artery bypass grafts (CABG) were done (n = 92, 0.3%); (4) follow-up loss or not participated (n = 2926, 11.1%); (5) incomplete laboratory results (n = 1408, 5.3%); (6) contraindications for BB or ACEI or ARB (n = 2803, 10.6%); (7) BB only received (n = 2117, 8.0%); (8) ACEI only received (n = 1381, 5.2%); (9) ARB only received (n = 1018, 3.9%); (10) ACEI with ARB combination was received (n = 132, 0.5%); and (11) triple combination (BB, ACEI, and ARB) was received (n = 115, 0.4%). Finally, a total 11,288 NSTEMI patients underwent PCI with DES were enrolled and they were divided into two groups as the BB with ACEI group (n = 7600, 67.3%) and the BB with ARB group (n = 3688, 32.7%) (Figure 1 ). In this study, all 11288 patients completed a 2-year clinical follow up by face-to-face interviews, phone calls, or chart review. This study protocol was approved by the ethics committee at each participating centers according to the ethical guidelines of the 1975 Declaration of Helsinki. All patients provided written informed consent prior to enrollment.
PCI procedure and medical treatment
Coronary angiography and PCI was performed by standard technique via femoral or radial approach. Patient's activated clotting time (ACT) was maintained > 250 seconds during the procedure. All patients were given loading doses of 200 to 300mg aspirin and 300 to 600 mg clopidogrel before PCI. When the patient had typical angina and/or signs of ischemia and ≥ 50% diameter stenosis or ≥ 70% diameter stenosis in a coronary artery by visual estimation, coronary artery revascularization was considered. After discharge, the patients were recommended to stay on the same medications that they received during hospitalization; this study was based on the discharge medications. The patients were maintained on 100 to 200 mg aspirin indefinitely, and the combination of aspirin (100 mg/day) and clopidogrel (75 mg/day) was recommended for at least 12 months to patients who had undergone PCI. Triple antiplatelet therapy (TAPT) (100 mg cilostazol twice a day added on to DAPT) was left to the discretion of the individual operators.
Study definitions and clinical follow-up
If the patients showed absence of persistent ST-segment elevation with increased cardiac biomarkers and clinical context was appropriate, the patients were considered as NSTEMI. [2, 9] The major clinical endpoint was the occurrence of major adverse cardiac events (MACE) defined as all-cause death, recurrent myocardial infarction (re-MI), total coronary revascularization during the 2-year follow-up period. All-cause death classified as cardiac death (CD) or non-CD. Recurrent myocardial infarction (re-MI) was defined as the presence of clinical symptoms, electrocardiographic changes, or abnormal imaging findings of MI, combined with an increase in the creatine kinase myocardial band fraction above the upper normal limits or an increase in troponin-T/troponin-I to greater than the 99 th percentile of the upper normal limit. [10] Total coronary revascularization was defined as a revascularization target lesion revascularization (TLR), target vessel revascularization (TVR), and non-TVR. TLR was defined as a revascularization of the target lesion due to restenosis or re-occlusion within the stent or 5 mm in and adjacent of the distal or proximal segment. TVR was defined as a revascularization of the target vessel or any segment of the coronary artery containing the target lesion. Non-TVR was defined as a revascularization of any segment of the non-target coronary artery.
Statistical analysis
All statistical analyses were performed using SPSS software, version 20 (SPSS Inc., Chicago, IL, USA). For continuous variables, differences between the groups were evaluated with the unpaired t-test. Data are expressed as mean ± SD. For discrete variables, differences are expressed as counts and percentages, and were analyzed with the χ 2 test between the groups. To adjust for potential confounders, propensity score-matched (PSM) analysis was performed by using a logistic regression model. We tested all available variables that could be of potential relevance, such as all baseline clinical, angiographic and procedural factors including age, gender (men), LVEF, body mass index (BMI), systolic blood pressure (SBP), diastolic blood pressure (DBP), hypertension, diabetes mellitus (DM), dyslipidemia, previous MI, previous PCI, previous HF, previous cerebrovascular accident (CVA), current smokers, serum creatine kinase myocardial band (CK-MB), serum troponin-I, N-terminal pro-brain natriuretic peptide (NT-Pro-BNP), high-sensitivity (hs) C-reactive protein (CRP), serum creatinine, total cholesterol, triglyceride, high-density lipoprotein (HDL)-cholesterol, low-density lipoprotein (LDL)-cholesterol, discharge medications [i.e., aspirin, clopidogrel, ticagrelor, prasugrel, cilostazole (Pletaal ® , Otsuka Pharmaceutical Co., Tokyo, Japan)], calcium channel blockers (CCB), lipid lowering agents), infarct-related artery (IRA) [i.e., left main coronary artery (LMCA), left anterior descending artery (LAD)], left circumflex artery (LCx), right coronary artery (RCA), treated coronary artery (i.e., LMCA, LAD, LCx, RCA), American College of Cardiology/American Heart Association (ACC/AHA) lesion type (i.e., B1, B2 and C), the extent of coronary artery disease [i.e., 1-vessel disease, 2-vessel disease, ≥ 3-vessel disease, and multi-vessel disease (MVD)], the types of deployed DES [i.e., sirolimus-eluting stent (SES), paclitaxel-eluting stents (PES), zotarolimus-eluting stents (ZES), everolimus-eluting stents (EES), biolimus-eluting stents (BES), others], and the diameter, length, and number of stent. The logistic model by which the propensity scores were estimated showed good predictive value (C-statistic = 0.695). Patients in the BB with ACEI group were then one-to-one matched to those in the BB with ARB group according to propensity scores with the nearest available pair matching method. Subjects were matched with a caliper width equal to 0.01. The procedure yielded 3317 well-matched pairs. Cox-proportional hazard models were used to assess the adjusted hazard ratio (HR) comparing the two groups in PSM population. For all analyses, a two sided P < 0.05 was considered statistically significant.
Results
Baseline clinical and angiographic characteristics
Baseline clinical, laboratory, and procedural characteristics of this study population are summarized in Table 1 . The mean age of the BB with ARB group was older than the BB with ACEI group (65.4 ± 11.9 vs. 63.5 ± 12.2, P < 0.001). Before PSM, the numbers of men, current smokers and the levels of CK-MB, total cholesterol, HDL-cholesterol, LDL-cholesterol and the prescription rate of clopidogrel and the numbers of ACC/AHA type B1 and C, ≥ 3-vessel disease, and MVD were higher in the BB with ACEI group than the BB with ARB group. In contrast, the BB with ARB group showed higher numbers of hypertension, DM, and previous history of MI, PCI, HF, and CVA and the level of serum NT-ProBNP, hs-CRP, and serum creatinine; ticagrelor, prasugrel, and CCB were more frequently prescribed and LCx and RCA were more frequently treated in the BB with ARB group. ACC/AHA type B2 and 1-vessel disease were higher in the BB with ARB group. The first-generation DES (SES and PES) were more frequently deployed in the BB with ACEI group and the second-generation DES (EES and BES) were more frequently deployed in the BB with ARB group. The number of deployed ZES was similar between the two groups. Although, the number of deployed stents and the diameter of deployed stents were similar between the two groups, the length of deployed stents was higher in the BB with ACEI group than BB with ARB group (26.8 ± 9.6 vs. 26.4 ± 10.4 mm, P = 0.045). However, these baseline differences between the two groups were well balanced after PSM. Table 2 shows the cumulative clinical outcomes by Kaplan-Meier analysis and Cox-proportional hazard ratio (HR) analysis up to 2 years for the two groups. In entire patients, the cumulative incidence of MACE (7.7% vs. 10.4%, Log-rank P < 0.001, HR = 0.739, 95% CI: 0.6470.844, P < 0.001; Figure 2A ), all-cause death (2.9% vs. 4.6%, Log-rank P < 0.001, HR = 0.629, 95% CI: 0.5120.773, P < 0.001), CD (2.0% vs. 3.3%, Log-rank P < 0.001, HR = 0.602, 95% CI: 0.4700.769, P < 0.001), re-MI (1.7% vs. 2.4%, Log-rank P = 0.020, HR = 0.714, 95% CI: 0.5370.949, P = 0.021), total revascularization (3.7% vs. 5.0%, Log-rank P = 0.003, HR = 0.746, 95% CI: 0.6140.906, P = 0.003), and TVR (1.9% vs. 3.5%, Log-rank P < 0.001, HR = 0.561, 95% CI: 0.4370.719, P < 0.001; Figure 2C ) were lower in the ARB with ACEI group than the ACEI with ARB group. After PSM analysis, the cumulative incidence of MACE (8.2% vs. 9.7%, Log-rank P = 0.030, HR = 0.832, 95% CI: 0.7040.982, P = 0.030; Figure 2B ), total revascularization (3.6% vs. 4.7%, Log-rank P = 0.036, HR = 0.767, 95% CI: 0.5980.984, P = 0.037), and TVR (2.1% vs. 3.2%, P = 0.007, HR = 0.646, 95% CI: 0.4700.888, P = 0.007; Figure  2D ) were significantly lower in the ARB with ACEI group than the ACEI with ARB group. Figure 3 shows subgroup analysis for MACE at 2 years. In entire patients, in cases of the patients who did not have a history of dyslipidemia and previous PCI, the choice of BB with ACEI may be preferred rather than BB with ARB to reduce MACE after PCI for NSTEMI patients ( Figure 3A ). After PSM (Figure 3B ), in cases of age ≥ 65 years (HR = 0.80, 95% CI: 0.650.98, P = 0.034), the patients who did not have a history of dyslipi- demia (HR = 0.83, 95% CI: 0.701.00, P = 0.044), the patients who had MVD (HR = 0.77, 95% CI: 0.620.96, P = 0.019), and the patients who received long-length DES (stent length ≥ 28 mm, HR = 0.74, 95% CI: 0.550.99, P = 0.043), BB with ACEI may be also preferred to reduce MACE after PCI for NSTEMI patients. Table 3 shows mul- 
Clinical outcomes
Discussion
Our analysis showed that: (1) the cumulative incidences MACE, total revascularization and TVR were significantly lower in the BB with ACEI group than the BB with ARB group before and after PSM; (2) the cumulative incidences of all-cause death, CD, TLR, and non-TVR were not significantly different between the BB with ACEI group and the BB with ARB group after PSM; and (3) in addition, old age (≥ 65 years), diabetes, history of previous MI, MVD, ACC/AHA type B2/C lesion, long-length DES, PCI in the LAD were significant predictors for TVR in PSM patients.
A large randomized BB trial demonstrated that there was no benefit of early intravenous metoprolol followed by 4 weeks of oral treatment compared with placebo. [11] Recently, oral BB shows no association between BB and all-cause mortality in post-AMI patients with low prevalence of HF and/or reduced LVEF. [12] In contrast, another registry study showed the risks of cardiogenic shock or death were significantly increased in patients receiving BB within 24 hours of hospital admission in STEMI or NSTEMI patients. Therefore, they suggested early BB treatment should be avoided in patients with AMI. [13] The current European guideline recommend early administration of BB should be avoided in these patients if the ventricular function is unknown, and also, it suggested that BB are recommended in patients with reduced LV systolic function (LVEF ≤ 40%) in the absence of contraindication in the aspect of long-term management. [1] This recommendation is similar with the AHA/ACC guideline. [2] According to the both, the European and the AHA/ACC guidelines, ACEI should be started and continued indefinitely in all patients with decreased LVEF (< 40%) and ARB are alternative treatment modality to ACEI in patients who are intolerable to ACEI. The treatment of ACEI leads to accumulation of bradykinin and this has some important beneficial effects including vasodilation, and stimulation of nitric oxide (NO), prostacyclin, endothelium-derived hyperpolarizing factor, and tissue plasminogen activator production. [14] Furthermore, ACEI is associated with enhancement of endothelial function, cardiovascular remodeling, and reducing the progression of atherosclerosis in the AIRE study. [15] Compared to the ACEI, the ARB's unwanted effect was related with elevation of the circulating angiotensin II level through unopposed stimulation of angiotensin II type 2 (AT2) receptor which can accelerate, and the process of cardiac myocyte hypertrophy apoptosis. In addition, this AT2 receptor activation leads to plaque instability and thrombus formation. [16] In this study, the main causes of difference in the cumulative incidence of MACE between the two groups were related to an increased incidence of revascularization in the BB with ARB group. According to the previous reports, [14] [15] [16] the increased revascularization rate in this study may be related to the adverse effects of increased serum levels of angiotensin II in the BB with ARB group.
Although BB and renin-angiotensin system (RAS) inhibitors, both are effective agents for improving the prognosis of AMI, there are limited data concerning comparative effectiveness of combination BB with ACEI or ARB in NSTEMI patients who underwent PCI with DES and the basic detailed possible mechanisms of beneficial effects of combination therapy of BB with RAS inhibitors were not well known. Konishi, et al. [17] reported that compared to RAS inhibitors alone, the combined use of BB with RAS inhibitors is more effective for reducing MACE in patients with AMI (36.3% vs. 15.8%, P < 0.0001). However, the use of ACEI/ARB at hospital discharge is independently associated with long-term survival benefit in patients with AMI already treated with BB and antiplatelet agents had demonstrated in other study. [18] In this study, the BB with ACEI group showed similar 2-year all-cause death, CD, re-MI, TLR, and non-TVR except for MACE, total revascularization, and TVR. However, the comparative efficacy and safety between ACEI and ARB on cardiovascular disease may be somewhat debatable. In the previous study, [19] losartan showed a significant increase in cardiovascular mortality as compared to captopril, and it showed ARB was as effective as ACEI in reducing the incidence of death or MI or angina or revascularization or stroke in other study. [20] However, other study suggested that the survival rate was better in the ACEI group than the ARB group in AMI patients. [21] Other meta-analysis for the ACEI and the ARB, head-to-head comparison in hypertensive patients demonstrated that the ACEI and the ARB had the same effect on all outcomes. [22] In our study, the mean value of LVEF (before PSM: 53.8% ± 10.9% vs. 54.7% ± 11.5%; after PSM: 54.2% ± 11.0% vs. 54.6% ± 11.5%) was more than 50% and the number of patents showing lower LVEF (< 50%) was about 29% (3278/ 11288). Therefore, the study population of this study had relatively well-preserved LV systolic function. There is absence of randomized controlled trial concerning the efficacy of BB in contemporary AMI without reduced LVEF or HF.
More recent data showed that BB on LV remodeling was uncertain in 114 AMI patients with preserved LVEF. [23] In one small-scaled study, ARB treatment suppressed stromal cell-derived factor-1α, a pro-inflammatory cytokine, release from the infarcted myocardial region and improved left ventricular function and adverse remodeling in 50 AMI survivors who had preserved LVEF. [24] The authors published the data concerning the comparative impact of RAS inhibitors between ST-segment MI and NSTEMI lately. [25] The study population of this comparative study was some different from this study, because of the study population of that comparative study was confined to the patients who received the RAS inhibitors. In contrast, the enrolled patients were received BB and RAS inhibitors in this study. And the enrolled period was also some different between that study and this study. Taken together, if the impact of BB on long-term outcome in patients who had preserved LVEF, the major determinant for long-term outcome could be the ACEI or the ARB. In this situation, we suggest that the ACEI is better than the ARB in reducing MACE in this study. The result of subgroup analysis for MACE in our study showed the BB with ACEI was the preferred choice rather than the BB with ARB regardless of LVEF ( Figure  3B ), especially in case of old age (≥ 65 years), MVD, long-length DES (≥ 28 mm). The other main finding of this study was the cumulative incidence of TVR between the two groups. Because of the paucity of previous comparative RCT or registry data concerned with combined use of the BB with ACEI or ARB, we could not precisely explain the main causes of the different rate of TVR. Before the DES era, the TLR rates were higher in the ACEI group than the ARB group, [26] and angiotensin II stimulates hypertrophic growth of vascular smooth muscle cells and they were related to restenosis after angioplasty. [27] Deftereos, et al. [28] found out ACEI inhibits in-stent restenosis by stimulating apoptosis. In this study, the BB with ACEI group showed numerically reduced incidences of TLR compared with the BB with ARB group. However, this difference was not statistically significant. In this study, the predictors of TVR in PSM patients were as follow, old age (≥ 65 years), diabetes, history of previous MI, MVD, the presence of ACC/AHA type B2/C lesions, long-length DES (≥ 28 mm), the PCI in the LAD during multivariate Cox-proportional multivariate regression analysis (Table 3) . Finally, we think that the combination BB with ACEI may be beneficial for reducing MACE, total revascularization, and TVR rates in NSTEMI patients after PCI with DES than the BB with ARB. Taken together, the results of this study may provide useful information to the interventional cardiologist during or after PCI, these also help select the appropriate combination between BB and ACEI or ARB to reduce the incidences of MACE, total revascularization, and TVR.
In this study, there were several limitations. Firstly, because the present study was non-randomized study, there may be some under-reporting and/or missed data. Secondly, the selection of specific combination either BB with ACEI or BB with ARB after PCI was left physicians' preferences, this may be another important selection bias. Thirdly, this registry data did not include the full data about the prescription doses and the kinds of BB, ACEI, and ARB. Fourthly, furthermore, this study was based on discharge medications and this may act as important bias in this study. Fifthly, the 2-year follow-up period of this study was relatively short to determine the long-term major clinical outcomes. Finally, even though we adopted PSM analysis for adjusting numerous confounding factors, a large-scale randomized controlled trial may be needed.
In conclusion, even though the cumulative incidence of all-cause death, CD, TLR, and non-TVR were not significantly different between the two groups; the cumulative incidences of MACE, total revascularization, and TVR were significantly higher in the BB with ARB group before and after PSM. Therefore, in this study, we suggest that the combination of BB with ACEI may be beneficial for reducing the cumulative incidences of MACE, total revascularization rate, and TVR rather than the BB with ARB after PCI with DES in NSTEMI patients. However, to confirm these results further large-scaled study is needed.
